INTRODUCTION
The chemical i n v e n t o r i e s o f Hanford s i n g l e -s h e l l and double-shell waste tanks i n c l u d e a l a r g e number o f organic and inorganic compounds, anions and cations. The vast m a j o r i t y o f tank wastes o r i g i n a t e d from process chemicals ( i . e . , chemicals t h a t were used i n the processing o f nuclear f u e l s ) . F a i r l y r e l i a b l e i n f o r m a t i o n i s a v a i l a b l e on process chemical i n v e n t o r i e s (Agnew 1996 , Shelton 1996 . Tank waste also includes a l a r g e number and v a r i e t y o f i n c i d e n t a l chemicals from supporting p l a n t s and operations (Klem 1990 ). I n v e n t o r i e s o f these chemicals are n o t w e l l known. The question addressed by t h i s document i s : Out o f t h e hundreds o f process and i n c i d e n t a l chemical c o n s t i t u e n t s present i n waste tanks, which ones are important r e l a t i v e t o occupational h e a l t h and s a f e t y and long-term pub1 i c r i s k ?
PURPOSE OF DOCUMENT

The purpose o f t h i s document i s t o determine t h e predominant chemical c o n s t i t u e n t s i n Hanford S i t e Waste tanks. By predominant c o n s t i t u e n t s i t i s meant those chemical species t h a t represent over 99% o f t h e r o u t i n e r i s k s t o t h e p u b l i c o r t o workers.
be included i n t h e best-estimate inventory (Kupfer 1996) , those t h a t should be considered i n environmental impact statements, those t h a t should be considered i n f a c i l i t y design and s a f e t y evaluations, and those t h a t should be considered r e l a t i v e t o tank closure plans.
The predominant c o n s t i t u e n t s are those t h a t should
SCOPE AND LIMITATIONS
The determination o f predominant constituents, as d e f i n e d above, i s r e l e v a n t t o both c u r r e n t tank waste i n v e n t o r i e s and i n v e n t o r i e s o f tank waste r e s i d u a l s a f t e r completion o f s a l t w e l l pumping and sludge washing. The t o t a l mass o f chemical c o n s t i t u e n t s has no bearing on the determination o f predominance, provided t h a t no chemical d i f f e r e n t i a t i o n i s involved i n s a l t w e l l pumping o r sludge washing beyond t h a t d i f f e r e n t i a t i o n due t o s o l u b i l i t i e s . importance separately, and because predominance i s s t r i c t l y determined by t h e r e l a t i v e r a t i o s o f components. This i s because soluble and i n s o l u b l e species are ranked i n WHC-SD-WM-TI-769, Rev. 0 For purposes of this study it was assumed that saltwell pumping and sludge washing would remove 90% of the soluble constituents and 50% of the insoluble constituents from the tanks. The recovered waste would be sent to melters for vitrification and the remaining waste would be the tank residuals. It is recognized that sluicing of the tanks may in fact remove most of the soluble and insoluble constituents (e.g., 99% removal of waste to achieve Hanford Federal Facility Agreement and Consent Order objectives [Ecology 19931 ). determination of predominance, relative to tank waste residuals or that waste that is sent to the melters for vitrification. global inventories. Individual tank inventories may vary considerably from the global inventory, not necessarily in the list of constituents, but certainly in the ratios of constituents. Therefore, there may be additional predominant chemicals on a tank-by-tank basis beyond those identified by this document, or there may be fewer predominant constituents based on tank history. This document provides a starting point in identifying which constituents are of concern in tank waste in general. 
I n order t o determine which chemical c o n s t i t u e n t s are important from a r i s k standpoint, i t i s necessary t o consider several parameters c o l l e c t i v e l y : t h e prevalence o f t h e c o n s t i t u e n t , t h e t o x i c i t y o f t h e c o n s t i t u e n t o r i t s compounds, t h e a v a i l a b l e water q u a l i t y standards, t h e l i s t e d MTCA values, t h e a v a i l a b l e airborne standards, and t h e m o b i l i t y and v o l a t i l i t y f a c t o r s .
I n t h i s document, f o u r general c r i t e r i a were developed and employed t o determine i f a t a n k waste c o n s t i t u e n t i s predominant:
1.
I f a s o l u b l e c o n s t i t u e n t ( o r the c o n s t i t u e n t ' s s o l u b l e t a n k compounds) i s t o x i c ( i . e . , has a t o x i c i t y category o f A, B, C, 0, o r X i n accordance w i t h 10 CFR Part 302 S p i l l Table [ EPA 1985]) , then the c o n s t i t u e n t i s predominant i f global mass concentrations exceed:
1 p a r t per t e n m i l l i o n f o r Category X 1 p a r t p e r one m i l l i o n f o r Category A 1 p a r t p e r 100 thousand f o r Category B 1 p a r t per t e n thousand f o r Category C 5 p a r t s p e r t e n thousand f o r Category D
The concentrations 1 i s t e d above are approximately t h e d e f i n i n g aquatic concentrations f o r the t o x i c i t y categories (EPA 1985). g r e a t deal o f e f f o r t was made t o assign t h e appropriate and conservative t o x i c i t y category t o t h e tank i o n i c c o n s t i t u e n t s .
For example, l e a d i s l i s t e d as a tank c o n s t i t u e n t . are g e n e r a l l y t o x i c i t y l e v e l D; however, f o r purposes here i o n i c l e a d o r l e a d phosphate i s conservatively assumed, which i s t o x i c i t y category X. such as c h l o r i d e , f l u o r i d e , hydroxide, n i t r a t e , etc., b u t t h e metals are assumed t o form compounds w i t h these anions and, consequently, they are covered.
The above c r i t e r i a does n o t q u a n t i f y t h e r i s k s from t h e i d e n t i f i e d t o x i c m a t e r i a l s . t o x i c i t y category based on global concentrations, i t does n o t mean t h a t i t i s w i t h i n the 99 p e r c e n t i l e r i s k . i n t e r e s t s o f conservatism i t i s assumed here t h a t together, t h e t o x i c m a t e r i a l s meeting the above c r i t e r i a represent some f r a c t i o n of t h e 99 p e r c e n t i l e r i s k .
groundwater hazard based on MCLs, i t i s considered a predominant c o n s t i t u e n t . which i s defined by:
A Lead compounds
No p a r t i c u l a r compound i s assumed f o r anions
Even though a chemical c o n s t i t u e n t i s w i t h i n a
However, i n t h e 2. I f the chemical c o n s t i t u e n t i s w i t h i n t h e 99 p e r c e n t i l e
The groundwater hazard i s measured by an index (Hg,,)
WHC-SD-WM-TI-769, Rev. 0 where M i s t h e mass o f t h e c o n s t i t u e n t (g), MF i s a m o b i l i t y f a c t o r , and MCL i s a water q u a l i t y standard (g/L) given i n t h e Environmental P r o t e c t i o n Manual (WHC 1995) . The MF i s given by:
where K, i s t h e d i s t r i b u t i o n c o e f f i c i e n t i n m i g r a t i n g through t h e vadose zone t o t h e groundwater. were taken from t h e Tank Waste Remediation System Environmental Impact Statement (DOE 1996) .
groundwater hazard based on MTCAs, i t i s considered a predominant c o n s t i t u e n t . The groundwater hazard i s measured by an index (Hgw) which i s defined by:
The d i s t r i b u t i o n c o e f f i c i e n t s 3. I f t h e chemical c o n s t i t u e n t i s w i t h i n t h e 99 p e r c e n t i l e
where M i s t h e mass o f t h e c o n s t i t u e n t (g), MF i s a m o b i l i t y f a c t o r , and MTCA i s a water q u a l i t y standard (ug/L) given i n t h e Model Toxics Control Act (Ecology 1996) . The MF i s given by:
where K, i s t h e d i s t r i b u t i o n c o e f f i c i e n t i n m i g r a t i n g through t h e vadose zone t o t h e groundwater. were taken from the Tank Waste Remediation System Environmental Impact Statement (DOE 1996) .
The d i s t r i b u t i o n c o e f f i c i e n t s
4.
I f t h e chemical c o n s t i t u e n t i s w i t h i n t h e 99 p e r c e n t i l e a i r b o r n e hazard, i t i s considered a predominant c o n s t i t u e n t . The a i r b o r n e hazard i s measured by an index (Ha) which i s defined by:
where M i s t h e mass o f t h e c o n s t i t u e n t (g), VF i s a v o l a t i l i t y f a c t o r , and S , i s an airborne q u a l i t y standard (g/L). airborne q u a l i t y standard used i s t h e Threshold L i m i t i n g Value (ACGIH 1992). The VF i s an estimate o f t h e f r a c t i o n o f t h e c o n s t i t u e n t t h a t would go airborne under m e l t e r conditions, d e r i v e d from Stegen (1994). No f a c t o r f o r r e t a r d a t i o n through h i g h -e f f i c i e n c y p a r t i c u l a t e a i r f i l t e r s was used.
C o l l e c t i v e l y , t h e r e i s a high l e v e l o f assurance t h a t t h e above c r i t e r i a , applied t o t h e known o r bounding i n v e n t o r i e s assumed, i d e n t i f y t h e predominant chemical constituents, even though t h e q u a n t i t i e s o f s p e c i f i c compounds are n o t known. Although some c o n s t i t u e n t s have no t o x i c i t y category, and some have no MCL, MTCA value, o r a i r q u a l i t y standard, t h e r e are no h i g h l y hazardous m a t e r i a l s without a t l e a s t one o f these f o u r parameters. on prevalence alone. remove 90% of the soluble tank inventory and 50% of the insoluble tank inventory. constituents are given in Table 1. lists no organic compounds other than total organic carbon (TOC). a compl exant (a1 ong with hydroxy-ethyl ethyl ene-di amine-tri aceti c acid [HEDTA] and diamine-triamine-pentacetic acid [DTPA]). These complexants are actually covered as toxic by total sodium, because they are sodium salts within the tank waste (Agnew 1996) . The complexants are also covered as toxic by TOC. However, Table 1 indicates that these organic compounds are especially significant and they should be accounted for separately.
Bounding masses of 10 kg or 100
Some constituents were eliminated because they These constituents include ammonium nitrate and acids.
The second section of Appendix A (pages 7 through 11) gives
The constituents in Appendix B is a ranking of soluble tank residuals and melter feed based In applying Criteria 1 above, the predominant toxic soluble Except for ethylenediamine-tetracetic acid (EDTA) and butanol, Table 1 It is assumed that saltwell pumping and sluicing will The EDTA is 5 WHC-SD-WM-TI-769, Rev. 0
There are no o t h e r s p e c i f i c t o x i c organic compounds t h a t are o f special concern i f t h e global inventory assumptions are v a l i d . This means t h a t s p e c i f i c organic compounds other than EDTA and butanol need n o t be sampled o r analyzed f o r , since none o f them are predominant by themselves. 
EDTA
Appendix C i s a ranking o f chemical c o n s t i t u e n t s i n accordance w i t h I n accordance w i t h t h e c r i t e r i a o f groundwater hazard and airborne hazard. items 2 and 3 above, t h e predominant chemical c o n s t i t u e n t s presenting over 99% o f t h e groundwater and airborne hazards are: The preceding list is quite similar to the predominant constituent list in Table 2 , even though older TRAC data was used in the PNL study (1991), whereas re-normalized TRAC, Agnew (1996) and Klem (1990) were used in this document. appearance of vanadium and beryllium in the PNL list but not the predominant list, and the appearance of TOC, lead, thallium, ammonia, butanol, dibutylltributyl phosphate, hydroxide, selenium, and uranium on the predominant list.
The only real differences between the two studies are the WHC-SD-WM-TI-769, Rev. 0
The appearance o f vanadium in the PNL report (1991) is simply inexplicable, since this element's inventory is not listed in the PNL report, nor is it listed by Shelton (1996) or Agnew (1996) .
The appearance of beryllium in the PNL report is explicable because it is a major constituent in the TRAC data base; however, Appendices C and D show that beryllium is are not within the 99 percentile groundwater or airborne hazard.
the predominant list but not in the PNL study is due to differences in data bases. toxicity category X in this document.
The inclusion of TOC, lead, thallium, ammonia, butanol, and hydroxide on It should be noted that TOC is conservatively considered to be The inclusion of dibutylltributyl phosphate and selenium on the predominant list is explicable because these are airborne hazards, which the PNL study does not address. URANIUM l e 2. P r e d o m i n a n t T a n k Waste C o n s t i t u e n t s . 
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